Introduction
Human immunodeficiency virus (HIV)-associated neurocognitive disorders (HAND) remain among the most common clinical disorders encountered in people infected with HIV, even in an era in which combined antiretroviral therapy is widely deployed. HAND encompasses a hierarchy of progressively more severe patterns of central nervous system involvement, ranging from asymptomatic neurocognitive impairment, to mild neurocognitive disorder, to the more severe HIV-associated dementia. 1 Asymptomatic neurocognitive impairment is the mildest form of HAND and is characterized by asymptomatic or unrecognized neurocognitive impairment. Individuals with asymptomatic neurocognitive impairment are more likely to develop more severe forms of HAND even under conditions of effective virus suppression. 1 HIV-associated dementia represents the most severe form of HAND, with significant functional impairments and is synonymous with HIV encephalopathy and autoimmune deficiency syndrome (AIDS) dementia complex. Since the introduction of combined antiretroviral therapy in 1996, many combined antiretroviral therapytreated patients have shown durable and complete suppression of HIV replication. The incidence of moderate to severe dementia fell from about 7% in 1989 to only 1% in 2000, and the severity of neurological disease appears to have been attenuated. 2, 3 Despite this remarkable effect on incidence rates, the prevalence of HAND continues at very high rates between 15% and 50%. 4 For example, in the CHARTER (CNS HIV Antiretroviral Therapy Effects Research) cohort, 53% of the total sample had neurocognitive impairment, with increasing rates in those groups with greater comorbid illnesses. 5 The continued high prevalence of HAND in combined antiretroviral therapy-treated individuals suggests that HIVrelated sequelae remain a problem. Moreover, a significant number of individuals with mild neurocognitive impairment often progress to more severe disease. In this regard, recent studies have shown that there is wide variability in the penetration of antiretrovirals into the brain and, in those individuals receiving drugs that effectively enter the central nervous system, the risk of HAND is significantly decreased. 6, 7 Given the fact that only a subset of all HIVinfected individuals develop HAND, genetics is likely to play a key role in determining susceptibility to neurologic disease, and hence the ability to identify those HIV-infected individuals at increased risk for HAND would allow clinicians to design the most effective combined antiretroviral therapy regimens to prevent progression of neurocognitive disorder. In this regard, a panel of validated predictive markers would serve as invaluable tools for identifying those individuals at risk for the development of HAND and the study of such factors would also increase our understanding of their role in HIV neuropathogenesis.
CCL3L1 is the most potent ligand for the HIV-coreceptor CCR5 and chemoattractant for macrophages. 8 Activated HIV-infected and uninfected macrophages play a central role in the development of HIV-associated neurocognitive dysfunction through the secretion of inflammatory cytokines and neurotoxic factors. 9, 10 Indeed, in vitro studies have shown that cells with higher CCL3L1 ligand levels can bind to CCR5 and protect cells from HIV infection. 8, [11] [12] [13] Several gene loci involved in immune responses and human disease are subject to segmental gene duplication. Such duplications, which occur in 5%-15% of the human genome can be inherited, occur de novo, and make significant contributions to human genomic variation. 14 The CCL3L1 locus on chromosome 17q11.2-q12 is a hotspot for segmental gene duplications [15] [16] [17] and significant copy number differences exist amongst ethnic groups. 18, 19 In this regard, Gonzalez et al reported that a median CCL3L1 chemokine gene copy number below the ethnic group average in combination with CCR5 detrimental alleles increased the risk for HIV infection and the development of key AIDS-defining illnesses, including HIV-associated dementia. 18 Interestingly, a recent study using in vitro cultured neurons demonstrated that CCL3L1 can protect neurons from HIV Env-induced cell death, 20 suggesting the possibility that possession of a high CCL3L1 copy number and increased production of this chemokine ligand could hinder the development of HIV-associated cognitive impairment. Using DNA samples obtained from a cohort of HIV-infected persons with advanced disease, we tested the hypothesis that CCL3L1 copy number is associated with the development of HAND.
Methods and data analysis
This nested case-control study included buccal swab samples from individuals from the Northeast AIDS Dementia Cohort (NEAD), which was composed of patients with advanced disease from four participating sites using protocols approved by the institutional review boards of Johns Hopkins University School of Medicine, University of Rochester, Columbia University, and Northwestern University. 21 taken at the baseline visit were informed in the consent form that the DNA would be used to study genetic risk factors associated with HIV neurological disease, would be stored nonidentified, used only for research purposes, and not be part of routine clinical care. Specifically individuals were recruited if they had a CD4 count , 200 or had neurocognitive symptoms and CD4 count , 300. Genomic DNA from HIV-infected patients with stable neurologic diagnosis at two visits were included. In addition, DNA samples from the National NeuroAIDS Tissue Consortium (NNTC) were also analyzed. 23 Psychiatric diagnoses of individuals in the NNTC cohort were determined using the Psychiatric Research Interview for Substance and Mental Disorders (PRISM) or by Composite International Diagnostic Interview (CIDI). Both PRISM and CIDI assign psychiatric diagnoses according to the Diagnostic and Statistical Manual of Mental Disorders-IV. For the NEAD cohort, subjects were categorized as normal, minor cognitive motor disorder (MCMD), or HIV dementia using American Association for Neurology criteria prior to establishment of the asymptomatic neurocognitive impairment category. 1 The Memorial Sloan Kettering (MSK) classification was used to determine the severity of dementia. 24 The equivalent neurocognitive diagnoses between MSK and the NNTC (PRISM or CIDI) are MSK 0 = neurocognitively normal, MSK 0.5 = subsyndromic, MSK 1.0 = possible or probable MCMD, and MSK 2 to 4 = possible or probable HIV-associated dementia depending upon severity and was utilized to group the corresponding patient DNA samples. For this study, MSK 0.5 was categorized as MCMD, and MSK 1 or above was designated as HIV-associated dementia.
Genomic DNA was isolated from buccal swabs or PBMCs using the QIAamp DNA Mini Kit (Qiagen, Valencia, CA) as described by the manufacturer. Typical yields from a single swab that had been stored for a year or more at −70°C ranged from 20 to 50 ng/µL in a total volume of 140-145 µL. DNAs were diluted before amplification to 5-10 ng/reaction. The experimental and quantitative methods for determining the CCL3L1 copy number were based on the study by Gonzalez et al. 18 The primer sequences for CCL3L1 were 5′TCTCCACAGCTTCCTAACCAAGA, 5′CTGGACCCACTCCTCACTGG (Invitrogen, Carlsbad, CA) and probe, VIC-AGGCCGGCAGGTCTGTGCTGA-TAMARA. The housekeeping gene, β-globin was amplified with the primers and probe, 5′GGCAACCCTAAGGT-GAAGGC, 5′GGTGAGCCAGGCCATCACTA and 6-FAM-CATGGCAAGAAAGTGCTCGGTGCCT-TAMARA.
The final concentrations of primer and probe in the reactions were 900 and 250 nM, respectively, in the presence of Taq master mix (Eurogentec or Applied Biosystems). The polymerase chain reaction (PCR) conditions were one cycle, 50°C and 2 minutes; one cycle, 95°C and 10 minutes; 40 cycles at 95°C and 15 seconds, 60°C and one minute. The sample DNAs (5-10 ng/reaction) were run in triplicate on the ABI Prism 7000 Sequence Detection System (Applied Biosystems, Foster City, CA). Serial dilutions of genomic DNA from A431 cells (25-1.56 ng, BioChain Institute Inc, Hayward, CA), which have been shown to have two copies of CCL3L1 per diploid genome were used to generate standard curves of the threshold cycle (C t ) against the log [DNA] for each 96-well plate. Any samples that did not fall within the standard curve with R 2 of at least 0.96 were repeated. Data were analyzed using one-way analysis of variance, and with Bonferroni post hoc tests (GraphPad Prism).
Results
In this nested case-control study, CCL3L1 copy number was determined in a total of 262 samples, comprising 158 African-Americans and 104 Caucasians who were distributed among four neurocognitive groups (Table 1) . A one-way analysis of variance between African-Americans and Caucasian subjects in the different neurocognitive groups revealed a significant difference in CCL3L1 median copy number between groups [F (7, 254) = 6.11; P # 0.0001]. Post hoc analyses with α = 0.05 (95% confidence) using the Bonferroni test was used to examine intragroup variation. A significant difference in CCL3L1 mean copy number between African-Americans (mean = 2.42, standard deviation [SD] = 1.56) and Caucasians (mean = 1.32, SD = 0.961) with MSK = 0 (P , 0.05; 95% CI 0.204-2) or MSK = 2 (African-Americans: mean = 2.55, SD = 0.816; Caucasians: mean = 1.03, SD = 0.352; P , 0.05; 95% CI 1.51-3.34) was found. No significant differences within ethnic groups in the CCL3L1 mean copy number was found across cognitive diagnoses. In the absence of HIVnegative controls with similar demographic backgrounds as found in the NEAD and NNTC cohorts we used one-way analysis of variance to compare the median CCL3L1 copy number between African-Americans and Caucasians against the previously reported median copy number for these groups that was obtained from 675 Caucasians and 498 African-Americans, where the median values of four for African-Americans and two for Caucasians were ascertained. 18 In all cognitive groups within African-Americans or submit your manuscript | www.dovepress.com Caucasians, there was a significant (P , 0.0001) difference in the median CCL3L1 copy numbers in the combined NEAD/ NNTC cohort compared with the previously reported medians for these ethnic groups. 18 Notably, the prevalence of normal cognition in the combined NEAD/NNTC cohort was 18% for African-Americans and 49% for Caucasians ( Table 1 ). The relative risk of HIV-associated neurocognitive disorder for African-Americans in this cohort was 4.28 compared with Caucasians. There were no significant differences in mean age between ethnic groups with the same neurocognitive diagnosis ( Table 1 ).
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Discussion
We were intrigued with the previously reported finding of a three-fold increased risk of developing HIV-associated dementia in individuals with CCL3L1 median copy numbers below the ethnic group average combined with CCR5 detrimental genotypes. 18 While our study did confirm previous reports of median CCL3L1 copy number differences between African-American and Caucasian ethnic groups, we did not find any association between CCL3L1 median copy number in HIV-infected individuals with or without neurocognitive impairment. Several explanations may account for our inability to detect an association. Firstly, however, our study was not grossly underpowered, because statistical analyses suggested that an additional 350 subjects in each group to detect an effect size of 0.25 units of deviation would have identified a tiny statistical, but not clinically significant difference. Secondly, the composition of the cohorts may have had an impact on our ability to detect an association. In contrast with the racially balanced prospective cohort used in the Gonzalez et al study, 18 made up of US air force personnel who developed HIV infection, the NEAD cohort established in 1998 is composed predominantly of African-American individuals with advanced HIV disease who have in many cases had poor access to health care, issues with adherence to treatment regimens, and illicit drug use. 25 The NNTC cohort established in 1998 collects and stores tissue samples, as well as clinical and neuropsychological testing data on HIV-infected individuals with advanced disease. 23, 26 In this regard, we found that unimpaired Caucasian individuals had a median copy number of one and African-Americans of two, which were significantly lower than the two and four copy average, respectively, previously reported in healthy individuals from these groups. 18 Thirdly, the Gonzalez et al study used outcome measures of the pre-combined antiretroviral therapy era, such as AIDS-defining illnesses. In contrast, the majority of the patients used in this study were on long-term antiretroviral therapy that was effective in reducing most AIDS-defining illnesses, including severe forms of HIV-associated dementia. A possible limitation of our study is that we did not account for differences in the duration of HIV infection and length of antiviral therapy. Our quantitative PCR assay possessed the dynamic range to detect a wide variation in CCL3L1 copy numbers and therefore negating such limitations that have been raised as issues in other studies. 27 Furthermore, Gonzalez et al showed an interaction between CCR5 genotypes and CCL3L1, which is one of several ligands including MCP-1 and RANTES that bind to this receptor. In this study, we did not examine the CCR5 genotype. However, we have previously shown that increased MCP-1 in the cerebrospinal fluid is associated with HIV-associated dementia. 28 Interestingly, a recent study in a Chinese cohort did not find any association between CCL3L1 copy number and neurocognitive impairment. 29 In this study, we found a significant difference in the prevalence of normal cognition and a four-fold increased risk for neurocognitive dysfunction in HIV-infected African-Americans versus Caucasians. Early studies examining progression of neurocognitive disorder in the pre-combined antiretroviral therapy era found that a history of injection drug use, but not race, gender, or age, was associated with more rapid neurologic progression. 30 In this regard, individuals in the NEAD cohort do have a higher incidence of drug abuse, 21 and in combination with adherence and health care access issues, may be contributing factors leading to ethnic differences in neurocognitive dysfunction. Antiretroviral therapy has led to a significant reduction in the occurrence of HIV-associated neurocognitive disorder however milder forms of the disease continue to increase in prevalence and incidence. In part, such changes may be associated with the aging of HIV-infected individuals who have been on long-term antiviral therapy. 31, 32 Indeed, recent imaging studies suggest that aging of the brains of HIV-infected individuals is greatly accelerated compared with uninfected persons of similar age. 33 In order to improve therapeutic interventions, a panel of biomarkers to detect individuals at risk for the development of HAND is needed. The CCL3L1 copy number may be useful in detecting individuals more likely to display increased susceptibility to HIV and its effects on the immune system. [34] [35] [36] [37] [38] [39] [40] [41] Although this finding has been questioned, 42, 43 its utility as a predictive marker for HAND in the era of combined antiretroviral therapy is as yet unclear. Additional large cohort studies to determine whether CCL3L1 copy number in combination with polymorphisms in other genes known to contribute to HIV risk can be used to distinguish between those at risk for mild or severe neurocognitive disorder are required. 38, 44 
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